Atrial fibrillation (AF) and heart failure (HF) commonly coexist, and each adversely affects the other. The aim of the study was to prospectively evaluate the impact of AF and its subtypes on management, and early and long-term outcome of hospitalized HF patients.
Introduction
Atrial fibrillation (AF) and heart failure (HF) commonly coexist, and adversely affect each other. The prevalence of AF varies widely in HF studies, somewhat greater among patients with preserved left-ventricular (LV) systolic function. 1 -5 HF results in haemodynamic and neurohormonal alterations, cellular and extracellular remodelling, that may promote arrhythmogenesis. 4, 5 Adverse effects of AF include reduction in stroke volume and peak oxygen consumption, tachycardia-induced cardiomyopathy, and drug toxicity of antiarrhythmics. Co-existence of HF and AF increases the risk of thromboembolism.
-5
The characteristics and long-term outcome of patients with HF complicated by AF and the effect of medications have not been fully investigated. Moreover, few studies have examined possible differences in patients with chronic as opposed to intermittent AF.
The purpose of this nationwide study was to characterize and evaluate the impact of AF and its subtypes on HF patients, focusing primarily on 1 year outcome, and secondarily on hospital management and hospital and 4 year outcome.
Methods

Patient population
The study population consisted of patients included in the HFSIS (Heart Failure Survey in ISrael) 2003 heart failure survey-a prospective nationwide survey of hospitalized HF patients, conducted in all 25 public hospitals in Israel. The study design and its main results have been published. 6 The survey included hospitalized HF patients ACC/ AHA stages B-D. Detailed data on patients' characteristics, in-hospital course, management during their hospitalization period, pre-hospital and discharge medications and diagnoses were collected and recorded on pre-specified structured forms. Diagnoses of HF, hypertension, valvular heart disease (at least moderate stenosis or insufficiency), diabetes mellitus, and dyslipidaemia were determined by the local survey team. Killip classification, which clinically describes HF signs severity, was used by us to describe not only acute MI on admission, but all HF patients during the entire hospitalization. We did not follow-up our patients clinically post-discharge, and therefore have no data about further hospitalizations, compliance with medications, and additional patients developing AF. Mortality was assessed for 99% of patients, by matching their identification numbers with the Israeli National Population Registry. We could not retrieve the cause of death. The protocol was approved by the Ethics Committee at each of the participating hospitals.
Definition of atrial fibrillation
Atrial fibrillation, determined as a main topic in our HF survey, was diagnosed by the local survey team. In spite of our detailed questionnaire we could not get sufficient data to subdivide AF accurately into subgroups. Therefore we predefined AF subtypes, grouping firstdetected, paroxysmal, and persistent AF together as intermittent AF, and compared it with permanent AF, which we termed chronic AF. 2 
Statistical analysis
First we compared HF patients with AF vs. patients with no-AF, and thereafter AF subgroups: intermittent vs. chronic AF. All analyses were performed using SAS software (version 8.2, SAS Institute, Inc., Cary, NC). The x 2 and unpaired t-test were used to determine the significance of differences between proportions and means, respectively. Results of continuous variables are reported as means + SD. A two-sided P , 0.05 was considered as statistically significant. No adjustments for multiple comparisons were made to the significant level.
Multivariable analysis of hospital, 1 year and 4 year mortality were done, using the Cox proportional hazards model, and its results are reported as hazards ratio (HR) and 95% CI. We included in the models a broad range of characteristics, that we considered clinically important as they were statistically significant (P , 0.10) by univariable analysis ( Survival curves were constructed by the Kaplan -Meier method. The log-rank test was used for comparing the curves.
Results
The HFSIS survey, conducted during the 2-month period MarchApril 2003 included 4102 consecutive unselected HF patients.
Atrial fibrillation was reported in 1360 (33.2%) patients. Among AF patients, 600 (44.1%) had intermittent AF, 562 (41.3%) had chronic AF, and in 198 (14.6%) type undefined (AF type unknown).
Demographic data
The baseline characteristics of the patients are given in Table 1 . Atrial fibrillation patients were hospitalized more often in internal medicine departments, were older and more frequently males. Chronic AF patients had more frequently a diagnosis of valvular heart disease, but less often coronary artery disease (CAD), acute coronary syndrome (ACS), and other co-morbidities.
Atrial fibrillation patients were more symptomatic (higher NYHA class) prior to hospitalization ( Table 2) , and had more often signs of right HF on physical examination. Killip classification tended to be higher among AF patients. Chronic AF patients were more symptomatic (NYHA class III/IV) than intermittent AF patients, and presented more often with signs of right HF. They tended to develop more frequently signs of mild left HF (Killip class II), but less Killip class III/IV.
Atrial fibrillation patients presented similar to no-AF patients with regard to acute HF (59.0% AF vs. 56.8% no-AF, P ¼ NS). Chronic HF patients presented less often with acute new onset HF than intermittent AF (7.5 vs. 17.4%, P , 0.0001).
The chest X-ray disclosed more often signs of HF in AF patients, but less often florid pulmonary oedema. Atrial fibrillation patients had normal (50%) and preserved (40%) LVEF [33 and 54%, respectively vs. 24 and 45% in non-AF group (P , 0.001)].
Patient management
During hospitalization AF patients underwent fewer coronary catheterizations and percutaneous coronary interventions (PCI) ( Table 2) . Intravenous furosemide was given to 62.6% of AF patients vs. 59.4% of no-AF patients (P , 0.05), positive inotropic medications to 7.6 and 6.4%, respectively (P ¼ NS), and vasodilators to 7.4 and 12.1%, respectively (P ¼ 0.0001). Electrical cardioversion was performed during the index hospitalization in 50 (3.7%) AF patients vs. 35 (1.3%) no-AF patients (P ¼ 0.0001).
Comparing chronic with intermittent AF, intravenous furosemide, and positive inotropic medications were given similar to both the chronic and intermittent AF subgroups (63.2 and 7.7% vs. 62.3 and 7.5%, NS). Intravenous vasodilators were administered less often to chronic than intermittent AF patients (4.6 vs. 10.5%, P ¼ 0.0001). Electrical cardioversion was performed in 6 (1.1%) chronic vs. 37 (6.2%) intermittent AF patients (P ¼ 0.0001).
At hospital discharge, AF patients were treated more often with anticoagulants, digoxin, calcium channel blockers (CCBs), especially verapamil, diuretics, and spironolactone, while no-AF patients were treated more with aspirin, clopidogrel, ACE-I, betablockers, and statins ( 
Early and late mortality
Crude mortality rates were higher in AF patients during index hospitalization and during follow-up ( Table 4 and Figure 1 ). Mortality, both at 1 and 4 years was higher in patients with chronic vs. intermittent AF.
After covariate adjustment, hospital all-cause mortality of AF in comparison to no-AF patients was HR (+95% CI) 1.26 (0.89-1.83), 1 year mortality 1.19 (1.03-1.36), and 4 year mortality 1.09 (0.99-1.21), reaching statistical significance only at 1 year, and particularly so for patients with unknown type of AF (hospital and 1 year) and chronic AF only at 4 years ( Table 5) .
Variables associated with increased mortality for the entire study population are presented in Table 5 . Subtypes of AF were included as variables in the model.
Discussion
The main findings of this nationwide HF survey of patients hospitalized for HF were the high prevalence of AF, a detailed clinical picture including physical examination findings, a lower rate of ACS, and a worse outcome of mainly chronic AF patients, largely due to co-morbidities. Atrial fibrillation was common and occurred in a third of the survey patients, particularly in older, males, and in those with preserved (LVEF .40%) or 'normal' (LVEF .50%) LV systolic function. The prevalence of AF in our study was based on previous AF reported and/or the presence of AF on the baseline ECG. As many patients were not monitored, especially in internal medicine, we could miss episodes of transient AF. Consequently, the prevalence of AF in our survey, although high may be underestimated.
Atrial fibrillation was associated with progressively increasing crude total mortality rates over a 4 year follow-up period. The presence of AF identified a high-risk HF population, even though the increased hazard was explained for the most part by co-morbidities.
Similar to other series AF patients had more valvular heart disease, renal failure, and hypertension. 7 -9 They had a lower rate of CAD, especially ACS, and most CAD risk factors. It seems that AF itself may cause symptomatic HF or cardiac dysfunction, without the insult of ischaemia, or myocardial and vascular damage attributable to diabetes mellitus. Atrial fibrillation patients, especially with chronic AF, underwent less coronary diagnostic and therapeutic procedures. To what extent the coexistence of AF contributed to HF symptoms and signs, or was merely the result of older age and higher prevalence of co-morbidities, like valvular disease or renal failure, cannot be answered by this survey. Atrial fibrillation patients had higher rates of normal and preserved LV function, implying mainly diastolic dysfunction. Atrial fibrillation patients included, therefore, two main populations: the larger (54% of patients) with preserved LV, and the second with severely reduced LVEF (,30%). Left-ventricular dysfunction (diastolic or systolic) and AF, are mutually detrimental in terms of pathogenesis, but whichever is cause and whichever effect, is beyond the scope of this survey. 
Chronic vs. intermittent atrial fibrillation
Chronic AF patients had less co-morbidities compared with intermittent AF patients, but suffered more frequently from valvular heart disease. Chronic AF patients presented with more advanced, but relatively stable HF, and less with acute HF, especially acute new onset symptoms. The reported rate of thyroid function abnormalities among AF patients was low (7%), as 23% of them were discharged on amiodarone, especially intermittent AF patients (40%). We lack information, in whom had thyroid function tests actually been checked, although thyroid function tests were recommended in both HF and AF guidelines.
2,10
Patient management
Management of AF is primarily rate control or maintaining sinus rhythm, and prevention of thromboembolism.
2,5,7 -9 At discharge antiarrhythmics were prescribed only to 27% of AF patients (amiodarone 23%, other 4%), 8% of chronic AF (amiodarone 7%, other 1%), and 47% of intermittent AF patients (amiodarone 40%, other 7%). The precise indications for antiarrhythmics were not available, and at least in some patients the indication was ventricular arrhythmias. Verapamil, which is not recommended for systolic dysfunction, and digoxin were prescribed more often to chronic than to intermittent AF patients, probably mainly for rate-control. The similar rate of ICD use in the AF and no-AF HF population, exclude the effect of ICD on long-term prognosis in terms of sudden cardiac death. Several HF indicated medications can prevent AF, such as ACE-I and ARBs. However, ACE-I were prescribed less to AF than to no-AF patients, and ARBs at similar rates. Beta-blockers that are indicated for HF, and for rate and rhythm control, were prescribed less often to AF patients (53%) than to no-AF patients (63%). The relatively low rate is probably due to older age of AF patients, conduction disturbances, and renal failure.
The AFFIRM and RACE studies, published prior to our survey showed no advantage to rhythm over rate control, and contributed to the relatively low usage of antiarrhythmics, 7,9 although pharmacological maintenance of sinus rhythm may reduce morbidity in patients with HF. 11 However, the recent AF-CHF study also showed no benefit to rhythm over rate control. 5 
Prevention of thromboembolism
Atrial fibrillation guidelines recommend warfarin unless contraindicated for AF patients at moderate to high risk of thromboembolism (CHADS2.1). 2, 12, 13 According to baseline characteristics, almost all our AF patients had an indication for chronic anticoagulation. However, only 48% of the AF patients were discharged on anticoagulant therapy, more so in chronic (58%), than intermittent AF (39%), and only 10% no-AF patients. This rate is similar to other 'real world' series, in which only about half of patients with indication for anticoagulation are treated, 3, 14 and leaves a great deal of improvement and implementation of guidelines-based therapy.
Prognosis
The mortality among AF patients in the general population is approximately double that of patients in normal sinus rhythm, and depends on the severity of underlying heart disease. 3, 15, 16 In large HF trials, AF as an independent mortality predictor had conflicting results. In V-HeFT trials mortality was not increased among patients with concomitant AF, 17 whereas in SOLVD mortality was 34% for AF vs. 23% for sinus rhythm patients (P , 0.001). 18 In COMET there was no difference in all-cause mortality in patients with AF at entry, but mortality increased in those who developed AF during follow-up. 19 In Val-HeFT development of AF was associated with significantly worse outcome. 20 Overall crude mortality for the entire survey population was reasonable during hospitalization (4.7%), but very high at 1 (28.2%) and at 4 years (57.7%). 6 AF patients had higher 1 and 4 year crude mortality (32.9 and 64.9%, respectively), especially chronic AF patients (36.7 and 70.6%, respectively). After adjustment AF was associated with significant 19% increased mortality only at 1 year, similar to the 1 year mortality data of the recent Euro-Heart survey on AF. 21 Adjusted 4 year mortality was only 9% insignificantly higher among AF patients, but with 18% higher mortality among chronic AF patients. Intermittent AF patients had initially insignificant higher adjusted hospital mortality, similar to the higher hospital mortality among new onset AF patients in EuroHeart Failure Survey I. 22 However, adjusted mortality among intermittent AF patients had declined at 1 year and became at 4 years similar to no-AF patients. The better outcome of intermittent AF patients can partially be explained by lower NYHA class prior to hospitalization, younger age, and somewhat lower rate of valvular heart disease. The group of AF patients with unknown type comprised high-risk patients who had higher early crude and adjusted mortality and mixture of intermittent AF and chronic AF patients, whose 1 year and 4 year post-discharge outcome was accordingly between intermittent and chronic AF (Tables 4 and 5, Figure 1 ). Predictors associated with increased adjusted mortality for the entire HF population were sicker HF patients, like NYHA III -IV, Killip III/IV, and LVEF,30%, co-morbidities, such as renal failure and prior stroke, age and digoxin, during hospitalization ACS and acute HF, at 1 year and 4 years anaemia, COPD, Killip II, and furosemide, and at 4 year diabetes, PVD, and spironolactone ( Table 5) . Predictors associated with lower mortality were hypertension, during hospitalization: male gender, CAD, and nitrates, at 1 year and 4 years ACE-I/ARB, beta-blockers, nondihydropyridines CCBs, and statins, and at 4 years antiacoagulants.
Major recent large HF surveys, like ADHERE and second Euro-HF survey, describe only acutely hospitalized HF patients. As reflected by the long-term mortality data in the survey, the long-term outcome of patients with chronic HF with or without AF is no better than the outcome of patients with acute HF.
Clinical implications
In hospitalized HF patients, AF is associated with increased morbidity and mortality. After adjustment for clinical variables and medications, chronic AF, severe forms of HF, comorbidities, and use of diuretics and digoxin were associated with higher mortality, while intermittent AF is similar to HF with no-AF. Managing AF in conjunction with HF requires greater attention to guidelines and additional trials and surveys to guide and optimize its management.
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